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1. Introduction 
The outer membrane of Escherichia coli harbors 
2 kinds of transport proteins that facilitate the dif- 
fusion of maltose-maltodextrins (Glc,), namely porins 
forming general diffusion pores for up to Glc3 [ 1,2], 
and h-receptor proteins or 1amB proteins for up to 
Glc,j [2,3]. The role of ZamB-protein oligomers in the 
formation of Glc,-selective pores was demonstrated 
in vitro using liposomes containing ZamB proteins 
[2,4]. To understand the molecular mechanism of 
solute selectivity by ZamB protein, it is essential to 
analyze the higher structure of ZamB-protein oligomers. 
This communication reports the subunit structure of 
pore-forming ZamB proteins; the relative molecular 
masses (M,) of oligomers and monomers, and some 
physicochemical properties of ZamB proteins. 
was determined from the dry weight of proteins and 
their UV-absorption profile in a solution of 0.3 M 
NaCl, O&25% SDS, and 10 mM Tris-HCl (pH 7.0). 
Purified ZamB proteins (16 mg) were dialyzed exhaus- 
tively against a large excess of 3 mM NaNs, lyophilized 
and dried over PZ05 for a week. The amount of SDS 
bound to the dialyzed proteins was <2% (w/w) of 
the weight of protein. 
Sedimentation equilibrium measurements and cir- 
cular dichroism spectroscopy were described in [6]. 
C12Es, DzO, SDS and guanidine-HCl were pur- 
chased from Nikko Chemicals, Merck, BioRad and 
Nakarai Chemicals, respectively. TSK-gel G3000SW 
was obtained from Tokyo Soda. 
3. Results 
3 .l . General properties of 1amB proteins 
2. Materials and methods 
lamBprotein oligomers were prepared as in [2]; 
monomers were obtained as in fig.3B. 
Sodium dodecylsulfate (SDS) binding to ZamB pro- 
teins was determined by equilibrium dialysis. Spec- 
trapore dialysis bags (cut off M, 25 000) containing 
0.7.5-2 mg ZamB proteins were dialyzed against a 
large excess of a solution of 0.1 M NaCl, 2 mM SDS, 
3 mM NaNs and 10 mM Hepes-NaOH (pH 7.0) for 
16 days at 23°C. SDS was quantified by the method 
in [S]. Protein content was determined by measuring 
the absorption at 280 nm and calculated on the basis 
of the absorption coefficients given below. 
The UV-absorption coefficient of famB proteins 
1amB proteins exist as oligomeric aggregates if 
purified according to [2]. Both oligomers and heat- 
dissociated monomers in SDS appeared to be homo- 
geneous as judged by gel electrophoresis in SDS, high- 
speed liquid chromatography using a TSK-gel G3000SW 
column in SDS, and sedimentation velocity measure- 
ment using an analytical ultracentrifuge (not shown). 
The amounts of SDS bound to ZamB-protein oligomers 
and to heat-denatured monomers, respectively, were 
found to be 0.56 + 0.080 and 1.44 + 0.049 g/g pro- 
tein, respectively, in the above solution (fig.1). The 
UV-absorption spectra of oligomers and monomers 
showed maximum absorption peaks at 280-282 nm 
and their absorption coefficients in a 0.1% solution at 
280 nm were found to be 2.47 and 2.48, respectively, 
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Fig.1. Binding of SDS to oligomers and monomers of ZamB 
proteins. Binding was determined by equilibrium dialysis as 
in section 2. Figure shows plots of amount of SDS bound 
versus protein concentration: (a) oligomers; (0) monomers. 
in the solution in section 2. The CD spectra of oli- 
gomers showed P-sheet structure in a solution of SDS 
and octaethyleneglycol dodecylether (CIZEa). The 
molar ellipticity at 217 nm was calculated to be -4.3 
and -5.1 X lo3 deg . cm*. dmol-r, respectively. The 
CD spectra of monomers in SDS and in 6 M guanidine- 
HCI showed o-helix and random coil-like structures, 
respectively, suggesting drastic alterations in protein 
conformation under the conditions applied (fig.2). 
3.2. M, -Determination of lamB-pro tein oligomers in 
non-ionic surfactant 
We approached this question through sedimenta- 
tion equilibrium studies in a solution containing the 
homogeneous, non-ionic surfactant, Cr2Es, and DzO. 
The Mr of ZamB protein-CIzEs complexes was deter- 
mined as a function of solvent density [7]. By this 
method, the contribution from bound C12E8 became 
zero at a solvent density equal to the reversed partial 
specific volume of CIZEs. Fig.3A shows plots of: 
Mp (1 -iTpp) versus solvent p 
at both sides of l/~i, where Mp = Mr of protein, p = 
solvent density, v,, = partial specific volume of pro- 
tein and vi = partial specific volume of C12E8. 
Mp(l-VPp) at l/Vi = 1.0277 was found to be 3500 
and Mp, the Mr of ZamB-protein oligomers, was calcu- 
lated to be 135 600. rp of ZamB proteins was calculated 
to be 0.722 cm3/g on the basis of their amino acid com- 
position [8]; the value pi = 0.973 cm3/g was taken 
from [7]. The validity of this method was confirmed 
by sedimentation equilibrium analysis of a reference 
protein, bovine serum albumin, and Mr 68 000 was 
obtained. 
3.3. M,-Determination of lamB-protein monomers in 
guanidine-HCl 
Efforts were made to obtain sedimentation equi- 
librium of ZamB-protein monomers in a solution con- 
taining C12Es and DaO. However, monomers sedi- 
mented rapidly under the conditions used. Therefore, 
we decided to run sedimentation equilibrium analysis 
240 
X, nm 
Fig.2. Circular dichroism spectra of IamB proteins: (A) oli- 
gomers (1.0 mg/ml) in 0.25% SDS; (B) monomers (1.0 mg/ 
ml) in 0.25% SDS; (C) oligomers (0.20 mg/ml) in a solution 
of 0.1 M NaCl, 5 mM C,,E,, 3 mM NaN, and Hepes-NaOH 
(pH 7.0) (see legend to tig.3A); (D) monomers (3.9 mg/ml) 
in 6 M guanidine-HCl (see legend to t’ig.3B). Arrows indicate 
the scales for the respective curves. 
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on monomers in 6 M guanidine-HCl. Since ZamB-pro- 
tein oligomers dissolved in 6 M guanidine-HCl con- 
tained a small fraction of undissociated proteins, an 
homogeneous preparation of lamB-protein monomers 
was obtained by subsequent chromatography through 
a column of TSK-gel G3000SW used for high-speed 
liquid chromatography. Monomers eluted from this 
“, 4000. 
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Figl3. Sedimentation equilibrium analysis of lam&protein 
oligomers and monomers. (A) Homogeneous preparation of 
oligomers (4.3 mg/ml) in SDS were passed through a 
Sephadex G-100 column (0.9 X 55 cm) equilibrated with a 
solution of 0.1 M NaCl, 5 mM C12EI, 3 mM NaN, and 10 mM 
Hepes-NaOH (PH 7.0). Oligomersin C,,E, solution contained 
no detectable amount of SDS. Solvent density was adjusted 
to 1.010, 1.020,1.022, 1.0277 and 1.034 by adding appro- 
priate amounts of D,O and -0.15 mg protein/ml each were 
centrifuged at 11 000 rev./mm at 20°C. Arrow indicates 
l/q = 1.0277. (B) Purified oligomers (0.8 mg) were dialyzed 
exhaustively against a large excess of 3 mM NaN, and were 
lyophilized. This material was dissolved in 0.06 ml 6 M 
guanidine-HCl and was passed through a column TSK-gel 
G3000SW (0.75 X 60 cm) at 24 kg/cm* and -0.4 ml/min. 
Homogeneous preparation of monomers obtained were 
dialyzed against 6.0 M guanidine-HCl for 48 h and were sub- 
jected to sedimentation equilibrium analysis at rotor speed 
16 000 rev./min at 20°C. Initial protein concentration was 
-0.16 mg/ml. 
column were homogeneous as judged by 3 indepen- 
dent techniques (not shown). Plots of logarithm of 
protein concentration (lnA2s0) versus square of radial 
distance (?) showed linear relationship from the 
bottom to the top of an optical cell (fig.3B). The M, 
of monomers was computed to be, on the average, 
45 900 from several independent experiments. 
4. Discussion 
The Mr of ZamB-protein monomers was suggested 
to be 40 000-50 000 [9], 47 000-50 000 [8], 
68000 [10],43000 [11],47000 [12] and47000- 
48 000 [ 131, respectively. Oligomer IV, was deter- 
mined to be 105 000 [ll], 160 000 [ll], 130 000 
[lo], and 95 000 [9]. Thus, the estimation of subunit 
number of the oligomers varied from 2-3 [9-l 11. 
We have determined the k&-values of oligomers and 
guanidine-HCl-dissociated monomers by sedimenta- 
tion equilibrium analysis in Ci2Es-D20 and 6 M 
guanidme-HCl, respectively. The Mr.-values of oli- 
gomers and monomers were calculated to be 135 600 
and 45 900, respectively, and the subunit number of 
the oligomers was tentatively determined to be 3. 
Two well-characterized pore-forming proteins, 
ZamB proteins and porins from the outer membrane 
of E. coli, share a number of characteristic properties 
such as: 
(1) Both proteins form transmembrane diffusion 
pores; 
(2) 
(3) 
(4) 
(5) 
Both proteins associate with peptidoglycan in 
SDS at low ionic strength; 
They exhibit similar thermal resistance in SDS; 
They exhibit low SDS-binding to oligomers; 
They possess a /3-sheet-like conformation in 
native form; 
(6) They form trimeric aggregates in native form. 
Yet the function of these 2 proteins differs essentially 
in that porins form diffusion pores with poor solute 
selectivity and, in contrast, ZamB proteins form Glc,- 
selective pores. It is possible, therefore, that structural 
and functional studies of these 2 proteins will provide 
basic information for the understanding of selective 
and less-selective solute translocation across biological 
membranes. 
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